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PATTERNS OF SPECIES
DISTRIBUTIONS IN THE
DRY SEASONAL FORESTS OF
SOUTH AMERICA'
 
 
Darin E. Prado2 and Peter E. Gibbs3
 
 
ABSTRACT
 
  Studies of the distributions of species of seasonal woodland habitats in South America by means of dot-mapping
and phytosociological analyses indicate the presence of three nodal areas: the Caatingas nucleus of arid
northeastern
Brazil; the Misiones nucleus, comprising a roughly right-angled triangular area enclosed by lines connecting
Corumb-
Puerto Suarez (Brazil/Bolivia) southward to Resistencia-Corrientes in northern Argentina, and eastward to the
upper
Uruguay River valley system in Argentinian Misiones and Brazilian Santa Catarina, and thus including most of
eastern
Paraguay and the west bank of the Paraguay River; and the Piedmont nucleus, which extends from Santa Cruz de
la Sierra in Boliva to Tucumn and the sierras of east Catamarca in northwestern Argentina. Distribution maps are
presented for over 70 taxa that show this kind of distribution pattern or its modifications. Most of the seasonal
woodland species of this affinity are notable by their absence from the cerrado vegetation of central Brazil, although
some occur on calcareous outcrops in the general cerrados area, and they also avoid the Chaco of northern
Argentina.
It is proposed that these fragmentary and mostly disjunct distributional patterns are vestiges of a once extensive
and
largely contiguous seasonal woodland formation, which may have reached its maximum extension during a dry-cool
climatic period ca. 18,000 12,000 BP, coinciding with the contraction of the humid forest.
 
 
 Various authors have drawn attention to the "sa-
vanna corridor" (Schmidt & Inger, 1951) or "di-
agonal of open formations" (Vanzolini, 1963,
1974), which extends across South America from
Maranho-Ceara in north-northeastern Brazil, to
the Chaco region of northern Argentina (Fig. 1),
and numerous commrnentaries on possible floristic
and faunistic links have been mrade (e.g., Andrade-
Lima, 1954, 1982; Vanzolini, 1974; Prance &
Schaller, 1982; Bucher, 1982; Haffer, 1985; Rat-
ter et al., 1988), particularly for the Caatinga-
Chaco poles of this diagonal. In the course of a
recent critical reevaluation of the alleged floristic
links between the caatingas of northeastern Brazil
and the Gran Chaco vegetation of northern Ar-
gentina-Paraguay-Bolivia (Prado, 1991), a series



of dot-map distributions were plotted for woody
species of the deciduous and semideciduous forests
of South America. The Caatinga-Chaco links proved
to be negligible, but a different and rather more
interesting distribution pattern emerged.
 
 
  The distributions hint at a once extensive arc
of seasonal woodland, which ranged from north-
eastern Brazil (with some Amazonian and Carib-
bean links) through southeastern Brazil to the con-
fluence of the Paraguay and Paran rivers, into
southwestern Bolivia and northwestern Argentina,
and extending sporadically northward in dry An-
dean valleys of Peru. In most cases, these species
skirt the impoverished soils of the central Brazilian
cerrado vegetation (Eiten, 1972), but some taxa
"island-hop" across this area by way of the re-
stricted outcrops of calcareous-rich soils within the
cerrados.
 
 
CLIMATIC CHANGES IN SOUTH AMERICA
D)RING THE LAST GLACIAL MAXIMUM
 
  Many authors (e.g., Damuth & Fairbridge, 1970;
Ab'Sber, 1977, 1982) have postulated a major
dry-cool climatic period in South America at the
time of the Northern IHemisphere Wisconsin-Wirm
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of Harvard University, Conservatoire et Jardin botaniques de la Ville de Genve, Gray Herbarium of Harvard
University, Empresa Pernambucana de Pesquisa Agropecuria, Recife, and Herbrio, Botanica y Ecologia Vegetal,
Universidad de Rosario. D. Prado is grateful to Maria Anglica Figueiredo, Maria das Graas, M. Pires, and Arnildo
and Vali Pott for kind assistance with field excursions in Brazil, and acknowledges financial assistance from
CONICET
Argentina, the University of St. Andrews, and the Committee of Vice-Chancellors and Principals of the Universities
of the U.K. for an Overseas Research Student's award.
  iCatedra de Botanica Morfologica y Sistenmtica, Facultad de Ciencias Agrarias, Universidad Nacional de Rosario,
Santa Fe 2051, Rosario 2000, Argentina.
  'Plant Science Laboratories, Sir Harold Mitchell Building, The University, St. Andrews KY16 9AL, Scotland,
U.K.
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glaciation, about 18,000-12,000 BP. There has
been considerable discussion devoted to the con-
sequences of such a dry period with regard to the
contraction of the humid forest to isolated "islands"
and the "refuge theory" as a possible stimulus for
speciation events that are reflected in present-day
Amazonian forest diversity patterns (Brown &
Ab'Sber, 1979; Prance, 1973, 1982, and various
contributions in Prance, 1982). Other authors,
however, have urged caution in interpreting pres-
ent-day species distributional patterns in terms of
supposed Pleistocene forest refuges (e.g., Benson,
1982; Nelson et al., 1990).
  Unfortunately, paleo-palynological studies for
South America, which could provide valuable ev-
idence for dry periods and consequent vegetational
changes, are sparse and mostly apply to Andean
areas (e.g., Van der Hammen, 1974, 1982), and
the few studies in the Amazonian regions are for
more recent Holocene strata (Absy, 1982). How-
ever, on the basis of local palynological investi-
gations some authors have attempted to circum-
scribe in more detail the possible regional shifts in
climate and vegetation in the Paleocene (Markgraf,
1989), while others have reported evidence that
conflicts with areas of alleged humid forest refuges
(Kam-biu & Colinvaux, 1985; Colinvaux, 1989).
  Most discussion concerning the postulated Pleis-
tocene dry periods in South America has focused
on the consequences of contraction of the humid
forest, and less attention has been given to the
influence of such climatic changes on the expansion
of semideciduous and deciduous vegetation of the
region. Here we present a series of distribution
maps for a number of species of seasonal woodland
formations, which reveal floristic links between the
flora of the caatingas vegetation of semiarid north-
eastern Brazil (sensu Andrade-Lima, 1981) and two
other areas. In our opinion, these distributions are
remnants of once continuous forests, and they pro-
vide some evidence for the previous extensive oc-
currence of seasonal forests in South America.
While we are fully conscious of the dangers of
facile interpretations from dot-maps, and particu-
larly the possible influence of localized collecting,
we consider that the repetitive distributions that
emerge from these maps do reflect past floristic
links. We offer these distribution maps as a con-
tribution to the ongoing debate concerning the his-
torical biogeography of the seasonal formations in



South America.
 
METHODS
  This series of species distribution maps began
as an attempt to plot accurately the full distribu-
 
 
 FIGURE 1. The "dry diagonal" of seasonal woodlands
in South America with Caatingas, Cerrado, and Chaco
areas delimited.
 
 
tions of the woody taxa of the caatinga vegetation
(Andrade-Lima, 1981; Prado, 1991) of north-
eastern Brazil. It soon became evident that many
of the nonendemic caatinga species showed a com-
mon overall distribution pattern that rnostly avoid-
ed the cerrado region but extended to southeastern
and southern Brazil and, in many cases, into well-
defined areas in Paraguay, Argentina, and Bolivia.
The maps involved an exhaustive check of the
taxonomic literature and verification of the identity
of species cited in diverse floristic lists, made pos-
sible by repeated visits to The Royal Botanic Gar-
dens at Edinburgh and Kew, and herbarium ma-
terial obtained on loan from various institutions.
The species dot-maps are based on verified spec-
imens or citations in modern taxonomic revisions
(solid symbols) together with citations in reliable
vegetation surveys in the areas concerned (open
symbols).
  In addition to mapping species distributions, a
suite of floristic lists from 18 seasonal woodland
communities across South America were compared
by means of a classic phytosociological analysis of
the Zurich-Montpellier school, in the version mod-
ified by Mueller-Dombois & Ellenberg (1974), and
also by means of a complete linkage algorithm from
Wishart's (1987) package employing Serensen's
(1948) similarity index, and a Principal Compo-
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nents Analysis from the JMP IN statistical software
(Prado, 1991). Details of these latter analyses are
not given here, but both approaches strongly sup-
ported the close floristic links between the caatinga
vegetation and woodlands in south-southeastern
Brazil and Paraguay, and the piedmont forests of
northwestern Argentina-southern Bolivia.
 
 
RESIDUAL PLEISTO(XENIC SEASONAL
FORMATIONS ARC
 
   Ab'Sber (1977) has postulated that during a
major dry episode in South America, equivalent to
the Wisconsin-Wiirm glacial period, there was an
expansion of semiarid vegetation in the continent.
According to this view, caatinga-like vegetation,
which usually occurs on mineral-rich soils, may
well have surrounded a core area of cerrado veg-
etation in central Brazil, and both seasonal for-
mations very probably extended into the Amazon
region, whereas tropical rainforests underwent con-
traction. It is likely that the slow return of a more
humid clirnate during the past 12,000 years, in
addition to favoring a re-expansion of the evergreen
forest, was also accornpanied by leaching and acid-
ification of soils in various areas, perhaps increasing
the cerrado region, and fragmenting the originally
much more widespread semiarid vegetation of base-
rich soils (Ratter et al., 1988).
  A number of the woody species that are likely
to have been involved in the cyclic expansion-
retreat migrations of the Pleistocene are today
members of diverse tropical and subtropical decid-
uous forest communities in South America, such
as the caatingas of northeastern Brazil and somne
semideciduous (i.e., non-Mata Atlntica) forests in
So Paulo and Paran states, the forests of the
upper Uruguay River valley and most of those
surrounding the Paraguay Parana rivers system,
the serranias of Santiago and Chiquitos in south-
eastern Bolivia, the piedmont forests in the so-
called Transitional areas in northwestern Argentina
and southwestern Bolivia (running parallel to the
sub-Andean mountains from Tucumn in Argentina
to Santa Cruz de la Sierra in Bolivia), and more
scattered outposts in semiarid and arid Andean
valleys in northern Bolivia, throughout Peru and
sometimes even reaching southwestern Ecuador.
Some of these species are not only important mem-
bers of these communities but are also dominant
in several instances.
  One such case, and here taken as paradigm, is
that of the mimosoid Anadenanthera colubrina
(Vell.) Brenan var. cebil (Griseb.) Altschul ("an-
gico," "cebil"). For the distribution of this species
 



 
(Fig. 2A) three nuclei can be identified. The first
and major nucleus consists of the caatingas of
northeastern Brazil, where the "angico" is a very
important and frequent tree, and it is present in
most of Andrade-Lima's (1981) vegetation units.
Outside the caatingas, it has been reported in the
"brejos" from Pernambuco (Andrade-Lima, 1964),
particularly in the dry forests of the slopes of the
"serras," and in the so-called "caatingas" in Mar-
anho state (Galvo, 1955). Bigarella et al. (1975)
claimed that disjunctions of caatingas occur on the
road Coroata-Vargem Grande (Maranhao), and the
exsiccatum marked on our map corresponds to
Presidente Dutra, which is just to the south of
these localities. This northeastern Brazilian nucleus
for the angico type of distribution (which we can
call the Caatingas nucleus) is intermittently linked
to the second nucleus, which occurs along the
Paraguay-Paran rivers system, by the way of
mesotrophic cerrado woodlands in Goias and Mato
Grosso (Ratter et al., 1978), and in Mato Grosso
do Sul (Ratter et al., 1988; Prado et al., 1992).
  The second nucleus has a somewhat triangular
shape with its northernmost apex on the axis Puerto
Sumrez-Corumba (Bolivian-Brazilian border), a
straight meridian side reaching south on the axis
Resistencia-Corrientes in Argentina and thus par-
alleling the Paraguay River up to its confluence
with the Parana River, a latitudinal side eastward
from that confluence to the upper Uruguay River
valley in Misiones (Argentina) and Santa Catarina
(Brazil), and from here a diagonal side returning
in northwest direction to Pto. Surez-Corumba.
Thus, this nucleus (which we can refer to as the
Misiones nucleus, employing this term in its older,
more general geographical concept rather than the
current restricted Argentinian or Paraguayan us-
age) includes nearly ail of eastern Paraguay and
a good deal of the western bank of the River
Paraguay, that is, a north-south strip parallel to
the river and several kilometers inland in the geo-
graphical Gran Chaco region. Within this triangle,
Anadenanthera colubrina var. cebil is common
but rarely dominant. It has been reported by Fie-
brig (1933) along the western bank of the River
Paraguay, by Tortorelli (1967) and Esser (1982)
for several areas of eastern Paraguay, by Morello
& Admoli (1967) for eastern Formosa, and by
Eskuche (1986) for northeastern Argentina in the
Paranense phytogeographical province (Cabrera &
Willink, 1980).
  This second nucleus connects with the third one,
located in southwestern Bolivia and northwestern
Argentina, via the Santiago and Chiquitos hill rang-
es, forming a curved line uniting Corumb to Santa
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Cruz de la Sierra. The flora of this region has
scarcely been studied and even less collected, but
Herzog (1910, 1912) gave a fairly accurate im-
pression of what the vegetation was like in the
area. In the sector enclosed by this previous line
and hills, by the western limit of the second nucleus,
and by the north-south narrow strip of the third
nucleus, the true chaco vegetation is encased. There
are very few outposts of Anadenanthera colubrina
var. cebil within the Chaco area (as is the case
with most of the species with this pattern of dis-
tribution). The Cerro Leon records of this tree are
not an exception to its absence from the plains of
the Chaco sens. str., because the vegetation on the
slopes of this tectonic horst (which comprises Si-
lurian and Devonian rocks as opposed to the oolian
sediments surrounding the hill) shows strong links
with the sub-Andean Piedmont forests in north-
western Argentina (Ramella & Spichiger, 1989,
sub Transitional Forests).
  The third nucleus extends from Santa Cruz de
la Sierra south to Tucumnn and the sierras of
eastern Catamarca in Argentina. This follows the
piedmont area of the sub-Andean Mountains, which
is the area of the so-called transitional forests, so-
named because their floristic composition has been
considered to be intermediate between that of the
chaco thorn forests and the upland subtropical rain-
forests (the "Yungas" sens. str.). We can refer to
this nucleus, therefore, as the Sub-Andean Pied-
mont nucleus. Anadenanthera colubrina var. ce-
bil was so important in the southern half of this
nucleus in Argentina that Lillo (1919, as cited in
Hauman, 1931, and Digilio & Legname, 1966)
called it "zona del cebil," but today there is little
left of the original vegetation in this area, which
is known locally as "tipa-pacara" forest (from the
species 7Tpuana tipu (Benth.) O.Kuntze and En-
terolobium contortisiliquum (Vell.) Morong). The
northern remainder of the nucleus where the angico
occurs comprises the "palo blanco" forest, domi-
nated by Calycophyllum multiflorum Griseb. and
Phyllostylon rhamnoides (Poisson) Taubert, and
which extends from mid-eastern Jujuy in Argentina
to, presumably, Santa Cruz de la Sierra. Anaden-
anthera colubrina var. cebil is one of the five
commonest members of both these forests (Ca-
brera, 1976: 7).
  From this third nucleus this species, and the
pattern of distribution dealt with here, becomes



scattered along the northeast-facing slope of the
Andes in Bolivia and southern Peru, i.e., from
Santa Cruz to Cuzco, to even more scattered lo-
calities in dry inter-Andean valleys such as those
of the Apurimac, Huillaga, and Marafin rivers
 
 
(Weberbauer, 1936), finally reaching southern Ec-
uador in what corresponds to the "Savannah and
Dry Scrub vegetational types" (see map in Harling,
1979). The distribution of the typical variety, An-
adenanthera colubrina var. colubrina, further ex-
tends the range of the species (Fig. 2A), since
although it occurs sympatrically with variety cebil
in the southern area of the caatingas in Bahia, and
also in Misiones in Argentina, it is distributed al-
lopatrically in Rio de Janeiro state and the planalto
forests of So Paulo and Parana states. Altschul
(1964) has argued cogently that the typical variety
evolved from variety cebil, in which case variety
colubrina has developed in wetter areas than those
of its parental stock.
  A number of woody caatinga species have a
similar, sometimes virtually identical, distribution
pattern to that of Anadenanthera colubrina. For
example, Amburana cearensis (Allemao) A. C.
Smith (Leguminosae) is a frequent, albeit not abun-
dant, characteristic tree of the caatingas even in
the more shrubby types of communities, and it
occupies a similar niche in the palo blanco forest
(Piedmont nucleus), while it is rather rare in the
Misiones nucleus except for some dense populations
on calcareous substrate on the Apa River region
in Paraguay (Fiebrig, 1933; Tortorelli, 1967). It
has also been reported for the Cerro Leon (Ramella
& Spichiger, 1989), and it appears very occasion-
ally in the Andean sector of this pattern of distri-
bution; a collection from Acre state in Brazil should
be noted (Fig. 2B). The tree Astronium urundeuva
(Allemo) Engl. (Anacardiaceae) is an important
member of the arboreal caatinga, in which it is
characteristic and dominant (Andrade-Lima, 1981),
but it also extends into the shrubby caatinga as an
isolated low tree (as does Amburana cearensis,
according to Egler, 1951). Astronium urundeuva
is considered an indicator species of mesotrophic
facies cerrado (cerrado is a well-developed wood-
land type, which is usually characteristic of richer
soils) within the cerrado area in central Brazil (Rat-
ter et al., 1978). It has also been collected in the
Cerro Leon, and it is very frequent in the sub-
Andean Piedmont nucleus, but there are no records
from the Andean dry valleys (Fig. 2C).
  The mimosoid tree Enterolobium contortisili-
quum (Vell.) Morong is usually conspicuous, not
for its frequency but rather for its size. Somewhat
scarce in the caatingas (Fig. 2D), it has been re-



ported for the agreste (Andrade-Lima, 1954) and
arboreal caatinga (Andrade-Lima, 1975). In the
forests of southeastern Brazil its presence is re-
corded by collections and phytosociological works
(Martins, 1979), and it is an important component
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of the vegetation on the banks of the Paraguay-
Paran system (Reboratti & Neiff, 1986; Prado
et al., 1989), and also of the sub-Andean piedmont
forests (particularly in the tipa-pacar variant), but
again is absent from the Andean area. Enterolob-
ium contortisiliquum has also been collected in
the gallery forests that border the Chaco vegetation
(see Fig. 2D and Morello & Admoli, 1974), where
it occurs with other nonchaquenian subtropical spe-
cies, on the alluvial levees beside the main rivers
(Adamoli et al., 1972). Pterogyne nitens Tulasne
(Leguminosae) has a very similar distribution (Fig.
3A) and is also reported for gallery forest and
humidity-dependent communities within the Chaco
(Morello, 1967; Morello & Admoli, 1974), but
as a rather rare element of the latter. The species
Ruprechtia laxiflora Meisn. (Polygonaceae) was
originally described by Meisner (1855) from Blan-
chet exsiccata collected in the caatingas (Cocucci,
1961), but it was not recorded subsequently in this
area until recent collections by Harley et al. from
around Camaleo in Bahia. It was, however, abun-
dantly collected in Paraguay and Argentina in both
the Misiones and Piedmont nuclei, where it is a
very important element (Fig. 3B). The scandent
shrub or treelet Celtis pubescens (Kunth) Sprengel
(Ulmaceae) follows much more closely the Ana-
denanthera colubrina var. cebil pattern (although
it is far less frequent in the caatingas), and it
reaches central Ecuador (Fig. 3C) and is also re-
corded from Acre state in Brazil.



  One of the most important and characteristic
trees in the caatingas is Schinopsis brasiliensis
Engler (Anacardiaceae). Engler (1876) recognized
two varieties, variety glabra Engler and the typical
variety of this species. Meyer & Barkley (1973)
subsequently considered the former variety to merit
specific status, based on its lack of indumentum
and larger leaflets when compared to variety bras-
iliensis. However, from the numerous exsiccata
we have examined it would seem that although
presence-absence of indumentum is a fairly con-
sistent character, leaflet size is unreliable. A tra-
ditional view has been taken of S. brasiliensis,
therefore, to include the two sympatric varieties,
brasiliensis and glabra, and they have been
mapped together (Fig. 3D). This tree is not only
present and abundant in the caatingas, from where
it extends into isolated localities in the Federal
District of Brazil and in Minas Gerais (where it has
been reported to form a dense community in a
flood-prone area by Pinto, 1985), but it is also the
dominant species in forests in Mato Grosso do Sul
(Prado et al., 1992). Schinopsis brasiliensis also
extends from Corumb to the west along the San-
 
 
tiago and Chiquitos ranges (Herzog, 1910), and
there are many exsiccata from the humid slopes
of the Andes in northwestern Bolivia, but it has
not been recorded for Peru, where, however, it
seems to be replaced by a similar and little known
species, S. peruviana Engler, which has been col-
lected only twice (Fig. 3D).
  The species Piptadenia viridiflora (Kunth)
Benth. (Leguminosae) poses an interesting case since
it is an important element of the caatingas, fre-
quently reported in the literature, whereas it is a
relatively rare species in northwestern Argentina
in the piedmont deciduous forests (Fig. 4A). Bur-
kart (1952) cited this tree for Colombia and Ven-
ezuela (presumably for the dry Caribbean area),
but no exsiccata or references have been encoun-
tered to confirm this assertion. Both the species
and the genus seem to be missing from the Misiones
nucleus of this pattern of distribution, that is, the
Paraguay-Paran system, but this may simply be
due to a problem of taxonomic interpretation, since
all previously considered Piptadenia species for
this area have been transferred to other genera
(Anadenanthera Speg., Goldmania Rose ex Mich-
eli, Parapiptadenia Brenan). It is noteworthy that
the species Goldmania paraguensis (Benth.) Bren-
an, endemic to this sector, is very close to section
Pityrocarpa, to which Burkart (1952) referred
Piptadenia paraguensis (Benth.) Lindm. (= Gold-
mania paraguensis), while Brenan (1955) trans-
ferred Piptadenia viridiflora to his genus Pityr-



ocarpa.
  There is only one collection of Carica querci-
folia (A. St.-Hil.) Hieron. (Cariacaceae) known from
the caatingas, from Irec in Bahia (Badillo, 1971),
and this would represent a very wide disjunct oc-
currence from the main, "amphi-Chaco," area of
distribution of this species (Fig. 4B) if it were not
for three additional isolated collections in Gois,
Minas Gerais, and So Paulo states, which tenu-
ously link the Bahian record to the second nucleus
of the Pleistocenic Arc. The rest of the distribution
is divided into two more or less continuous zones
separated by the Chaco plains. One corresponds
to the Misiones nucleus, extending eastward along
the upper Uruguay basin to include the planalto
forests, but also with an extension westward into
the eastern Chaco. The second corresponds to the
piedmont deciduous forests on the sub-Andean
slopes. Carica quercifolia is also common in dry
valleys between Andean ranges in northwestern
Bolivia and southern Peru.
  The shrub Combretum leprosum Mart. (Corm-
bretaceae) is another typical caatinga species that
follows relatively well the Pleistocenic Arc (Fig.
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4C). It is also common in Maranho state in areas
suspected of having links with the caatingas, and
it has been collected in the River Paraguay valley
and in Santa Cruz de la Sierra area, but seems to
be missing from there to the south and northwest.
The pattern followed by Pouteria gardneriana (D.
C.) Radlk. (Sapotaceae) is somewhat more uncer-
tain, since although it is well recorded in the caa-
tingas and in the Paraguay Paran system, it is
unclear whether it spreads into the Piedmont nu-
cleus apart from one collection in Santa Cruz in
Bolivia (Fig. 4D).
  Sterculia striata A. St.-Hil. & Naudin (Ster-
culiaceae) is a rather different case (Fig. 5A), since
it only marginally appears in tall, arboreal caatinga
(Andrade-Lima, 1975; Ratter et al., 1978). It is
much commoner in mesophilous forests within the
cerrados expanse or in mesotrophic cerrado (Rat-
ter et al., 1978, 1988), but it shuns the poor soils
of the cerrado sens. str. It extends into the Amazon
valley (Taroda, 1984) as well as to the River Par-
aguay area, particularly on calcium-rich soils (Rat-
ter et al., 1988; Prado et al., 1992), and its west-
ernmost collections come from the area of Santa
Cruz.
  The small bignoniaceous tree Tabebuia caraiba
(Mart.) Burch. (synonymized with T7 aurea (Manso)
Benth. & Hook. in Gentry, 1992) has an unusual
distribution in that it is common in the cerrados
on typically poor-quality soils, but is also relatively
common in the caatingas of Pernambuco (Andrade-
Lima, 1954, 1960) and Bahia, and it can be found
in the Amazon valley around Santarem. This spe-
cies has also been frequently collected in the Par-
aguay River valley sector from Brazil to Argentina,
while Ramella & Spichiger (1989) reported it for
cerrado-like communities on top of the plateau in
Cerro Leon. Tabebuia caraiba also appears oc-
casionally in central Bolivia, including a specimen
collected near Santa Cruz (le la Sierra, thus con-
forming somewhat to the Pleistocenic Arc (Fig. 5B),
although the main core area of this species is the
central Brazilian cerrado area. Somewhat similar
distributions, with extensive occurrence in typical
cerrado, are shown by Hymenaea martiana Hayne
(Leguminosae) and Machaerium. acutifolium J.
Vogel (Leguminosae) but both species lack the Am-
azonian extension (Fig. 5C, D). Hymenaea mar-



tiana spreads from the caatinga into the cerrado
savannas in Gois, the Federal District, and Minas
Gerais, as well as occurring in the forests in the
Paraguay River area. Machaerium acutifolium,
also occurs in the cerrados as well as the caatingas,
and extends south into the Mata Atlntica in Rio
 
 
de Janeiro, isolated "campo" areas in Minas Gerais
and So Paulo, and in forests in eastern Paraguay.
This latter species has a somewhat invasive-pio-
neer tendency, which may account for its more
extended distribution.
  A number of genera show vicariad species that
occupy parts of the Pleistocenic Arc. One such
case is Brunfelsia L. (Solanaceae). Recently, Plow-
man (1979) drew attention to the fact that B.
uniflora (Pohl) D. Don forms a link between the
older Andean species and the eastern Brazilian ones
within section Franciscea. It has been collected in
northern Venezuela, in Roraima (Brazil) and neigh-
boring Guyana, also in the Yungas area of the
eastern-facing slopes of the Andes in southwestern
Bolivia and northwestern Argentina, to then reap-
pear sporadically in the caatingas and more abun-
dantly in the Atlantic forests and planalto forests
in eastern Brazil. Two additional species, B. pilosa
Plowman and B. australis Benth., are apparently
derived from B. uniflora. Brunjlsia australis,
previously treated as a subspecies of B. uniflora,
fills in the southernmost gap corresponding to the
Misiones nucleus in the distribution of its mother
species in Paraguay and northeastern Argentina
(Fig. 6A). Brunfelsia uniflora thus shows a similar
but much more complete distribution pattern (Fig.
6B) to that of Commiphora leptophloeos (Mart.)
Gillet (Burseraceae).
  The genus Patagonula L. (Boraginaceae) seems
to be endemic to the Pleistocenic Arc (Fig. 6C).
This genus comprises only two species: P. bahien-
sis Moricand is endemic to the caatingas, whereas
the type species, P. americana L., has been col-
lected or reported for the forests in Parana state
in Brazil, the upper Uruguay River basin (Klein,
1972), eastern Paraguay, and northeastern Ar-
gentina in subtropical forests from Misiones to the
eastern Chaco district (Cabrera, 1976; Lewis &
Pire, 1981). It is also the third most important
species in the Piedmont nucleus forests of north-
western Argentina and southern Boliva (Cabrera,
1976). Although Patagonula has not been re-
ported from other areas of the Pleistocenic Arc, it
would not be surprising for it to be encountered in
the future in the rather poorly studied areas of
Cerro Leon, the Santiago and Chiquitos ranges, or
south of Santa Cruz de la Sierra.
  The genus Loxopterigium Hook. f. (Anacardi-



aceae) presents five disjunct species in South Amer-
ica (Fig. 6D). The scarcely known L. gutierrezii
Barkley was collected only once in the Caribbean
sector of Colombia, while L. sagotii Hook. f. is
better known from the Guianas. The tree L. hu-
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asango Spruce appears only in seasonal semiarid
to arid formations in coastal southwestern Ecuador
and northern Peru, while the caatinga woodlands
of a small area of Piaui and Bahia contain the few
recorded populations of L. gardneri Engl. (= Ap-
terokarpos gardneri (Engl.) Rizzini). Finally, L.
grisebachii Hieron. & Lorentz ex Griseb. is an
important member of the sub-Andean piedmont
forests in northwestern Argentina and southern
Bolivia, which separates chaco vegetation from the
rain and cloud forests of the Yungas. In this case,
therefore, the allopatric species within a small ge-
nus together comprise the familiar distribution pat-
tern of this Seasonal Forests Arc in South America.
  The unresolved taxonomic problem (see com-
ments in Burkart, 1949, and Lewis, 1987) of the
Geoffroea striata (Willd.) Morong-G. spinosa Jacq.
(Leguminosae) complex provides another example
of the Seasonal Forests Arc (Fig. 7A). In our ex-
perience, the diagnostic characters provided by
Burkart (1949) fail to separate these alleged spe-
cies clearly, and this complex is treated here as
one polymorphic unit which, however, segregates
well from the only other species of the genus, the
typically but not exclusively chaquenian G. decor-
ticans (Hook. & Arn.) Burkart. The G. striata-
spinosa complex appears in northern Venezuela,
western Ecuador and adjoining Peru, and in central
Bolivia in the Yungas-like area of the Rio Grande
or Pirai, for the Andean related part, whereas in
the lowlands there are essentially two nuclei: the
Caatingas and Misiones. A similar pattern is fol-



lowed by Ipomoea carnea Jacq. subsp. fistulosa
(Mart. ex Choisy) Austin (Convolvulaceae), includ-
ing some Caribbean islands, northern Colombia and
Venezuela, the same sectors of Ecuador and Peru
previously mentioned, and in riverine environments
linked to the sub-Andean Piedmont forests in north-
western Argentina but where the exsiccata might
be of plants escaped from cultivation (O'Donell,
1959). In the east of the continent it occurs in the
Caatingas and Misiones nuclei, and some odd ap-
pearances in the Amazon River valley area (around
Santarem and Belm) have to be taken into account
(Fig. 7B). This pattern is also followed in part by
Peltophorum dubium (Spring.) Taub. (Legumi-
nosae), which has been recorded for seasonal for-
ests in Venezuela, but is more frequent in the east
of the continent, namely in the caatingas, in me-
sophilous forests in Minas Gerais, So Paulo and
Paran, in the upper Uruguay River valley in Santa
Catarina, and it has been frequently collected in
eastern Paraguay. Once again this species is en-
tirely absent from the chaco, only to reappear in
 
 
Yungas-like areas close to Santa Cruz de la Sierra
in Bolivia (Fig. 7C).
  A similar situation, but in this case with the
component elements segregated as varietal taxa,
occurs in the caesalpinioid Senna spectabilis (DC.)
Irwin & Barneby (Irwin & Barneby, 1982). The
variety spectabilis extends from coastal Venezuela
to Andean valleys in the Mrida area of the same
country and the Magdalena and Cauca river valleys
in Colombia, and then reappears in seasonal for-
mations in Ecuador and further south in dry valleys
in the Peruvian Andes (Fig. 7D). This variety is
also a conspicuous member of the Yungas forests
in Bolivia, and of the deciduous piedmont forests
in southern Bolivia and northwestern Argentina
where it is called "carnaval." As usual in this kind
of distribution pattern this tree is entirely absent
from the Chaco, only to reappear in eastern Par-
aguay. The other taxon, variety excelsa (Schrader)
Irwin & Barneby, is virtually restricted to the caa-
tinga in northeast Brazil, where it is called "can-
afistula."
  The shrub to small tree Solanum granuloso-
leprosum Dunal (Solanaceae) shows a similar dis-
tribution (Fig. 8A). It has been collected in northern
Colombia and Guyana, is absent from the Amazon
but reappears in the caatingas of Bahia and Minas
Gerais, and further south in the mesophilous forests
of Rio de Janeiro, Parana, and Santa Catarina, and
also extends into adjoining Paraguay and north-
eastern Argentina, particularly in the Austro-Bra-
zilian Transitional forest (Prado, 1991). As usual,
it is absent from the Chaco but occurs in the eastern



slopes of the Andes in northwestern Argentina and
Bolivia.
 
 
RESTRICTED ARC DISTRIBUTIONS
  Some caatinga species have relatively wide-
spread distributions but do not show the full se-
quence of links with other seasonal formations as
do most of the cases considered above. Such species
can be considered as having a restricted distribu-
tion, in which the third Piedmont nucleus is either
lacking or very fragmentary. Several examples oc-
cur in the genus Aspidosperma (Apocynaceae).
One such case is A. pyrifolium Mart. (Fig. 8B),
which has been reported for Cerro Leon in Para-
guay (Ramella & Spichiger, 1989). It is a char-
acteristic species of the caatingas that spreads ex-
tensively into Minas Gerais, but then there is a
disjunction with the populations on the river Par-
aguay. There is also a puzzling exsiccatum from
Faro (Marcondes-Ferreira, 1988), in the Para state,
 
 
913
 
�

 
 
 

[Begin Page: Page 914]
 
 
 

 
 
914                    Annals of the
                       Missouri Botanical Garden
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
                         e
 
 
 
 
 
 
 
 
                         -eo
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                    -     t-
 
�

 
 
 



[Begin Page: Page 915]
 
 
 

 
 
Volume 80, Number 4
1993
 
 
Prado & Gibbs
Dry Seasonal Forests of South America
 
 
915
 
 
ht s
S 1
 
 
 
5 J
 
W S
M-S
a- *
"=
 
 
 
d
 
�

 
 
 

[Begin Page: Page 916]
 
 
 

 
Annals of the
Missouri Botanical Garden
 
 
a locality in a small sector of the Amazon valley
where several other caatinga elements (Andrade-
Lima, 1959) have also been collected (see further
comments below). The tree Aspidosperma riedelii
Mll. Arg., which has been treated by Marcondes-
Ferreira (1988) as comprising two subspecies, sub-
species oliganthum (Wood.) Marc.-Ferr., a Bahian
endemic, and subspecies riedelii with two disjunct
localities in the forests of So Paulo and in central
Paraguay (Fig. 8B), shows a similar but more frag-
mented pattern. Aspidosperma cuspa (Kunth)



Blake (Fig. 8C), which has been collected in the
dry forests of Hispaniola and Martinique, is also a
common tree in the dry Caribbean sectors of Co-
lombia and Venezuela, countries in which it also
extends to some dry, inter-Andean valleys. It reap-
pears in southwestern Ecuador (Woodson, 1951),
and at nearly the saine latitude but on the opposite
side of the continent in Rio Grande do Norte (north-
east Brazil). A rather infrequent plant in the Caa-
tingas nucleus, it is found scattered in the cerrado
of central Brazil, and on rock outcroppings of the
Cordillera de Altos in Paraguay (Marcondes-Fer-
reira, 1988). The taxonomnically closely related A.
polyneuron Mill. Arg. (Fig. 81)) parallels in part
the distribution of A. cuspa, since it has been
collected from the western half of the dry Caribbean
sector and also in dry inter-Andean valleys in Co-
lombia, but it has not been recorded so far from
the eastern zone. No collections in Ecuador have
been located, but it occurs in northern Peru in an
area of similar vegetation to that of southwest Ec-
uador (Weberbauer, 1936; Harling, 1979). This
species also occurs in the caatingas of Bahia (north-
eastern Brazil) and extends in a northeast-south-
west arc through mesophilous forests in Minas Ger-
ais, Espirito Santo, Rio de Janeiro, So Paulo, and
Paran, to Paraguay and a very reduced area in
north Misiones (Argentina).
  The valuable timber tree Balfourodendron rie-
delianum (Engl.) Engl. (Rutaceae) occurs in the
caatingas (Fig. 9A) and extends south to the plan-
alto forests in Sal Paulo and Paran states, along
the upper Uruguay River valley, and reaching east-
ern Paraguay and northeastern Argentina. Rather
similar, two-nuclei distributions are found in the
soft-wooded tree Phytolacca dioica L. (Phytolac-
caceae), Alseisfloribunda Schott (Rubiaceae), and
Astronium concinnlum Schott (Anacardiaceae) (Fig.
9B-D).
  Another group of woody species is absent from
the caatingas but occurs in the Misiones and com-
monly also in the Piedmont nuclei within the Pleis-
tocenic Arc. These include two sapindaceous gen-
 
 
era: the monotypic Diatenopteryx, with D.
sorbjolia Radlk. (Fig. 10A), and the ditypic Di-
plokeleba, with one species, D. floribunda N.E.
Brown, which is abundant on the Paraguay-Paran
system, while the other, D. herzogii Radlk., is
known only from the type collection in Cabezas,
Bolivia (Fig. 10B), most likely from the deciduous
forests frequent in that area (Coro, 1956). A similar
distribution is found in Ziziphus oblongifolius S.
Moore (Rhamnaceae) (Fig. 10C), which is a fre-
quent shrub in the north of the Paraguay-Paran
system (Prado et al., 1992), and cited by Herzog



(1910) for Bolivia and Escalante (1946) for Oran
in Salta (Argentina). Three species that are re-
stricted to the Misiones nucleus are Astronium
balansae Engler (Fig. 9D), Ziziphus guaranitica
Malme (Fig. 10D), and Maytenus ilicifolia (Ce-
lastraceae) (Fig. 11A). Another taxon restricted to
a single nucleus is the monotypic genus Athyana
Radlk. (Sapindaceae), with A. weinmannifolia
(Griseb.) Radlk., which is endemic to the piedmont
forests of northwestern Argentina and southern
Bolivia (Fig. 11 A). The kind of distributions that
is restricted to the second and third nuclei is also
illustrated by the elegant rubiaceous tree Caly-
cophyllum multif/orum Griseb., the dominant and
characteristic species of the palo blanco forest in
the piedmont of the sub-Andean chains (Fig. 11B),
to which it gives its vernacular name, and which
is also common in the River Paraguay area and in
the Cerro Leon (Ramella & Spichiger, 1989). Some
isolated populations of C. multiflorum have been
occasionally found within the Chaco sens. str. (Cas-
tellanos, 1958; Morello, 1967; Morello & Admoli,
1974).
  Finally, ca. 180 woody species are endemic to
the Caatinga province (Prado, 1991). Examples
include Ziziphus joazeiro Mart. and Z. cotinifolia
Reissek (Rhamnaceae) (Fig. 10C), Fraunhoffera
multiflora Mart. (Celastraceae), the congenerics
Auxemma oncocalyx (Allemo) Taub. and A. gla-
zioviana Taub. (Boraginaceae), Spondias tuber-
osa Arruda (Anacardiaceae), Cordia leucocephala
Moric. and C. dardani Taroda (Boraginaceae), and
HIymenaea eriogyne Benth. (Figs. 11C, D, 12A,
B).
 
 
TAXA WITH MORE COMPLEX DISTRIBUTIONS
  It is of considerable interest that a number of
caatinga species show links with the Amazonian
area. The outlying records for Commiphora lep-
tophloeos and Aspidosperma pyrifolium noted
above are two such cases. A congeneric example
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is Aspidosperma discolor A. DC., which occurs
in Venezuelan Guayana and the Guianas, and which
has been profusely collected in the lower and middle
Amazon River valley and in Rondnia state, but it
is also frequent in Bahian caatinga and in a central
area of the cerrados (Fig. 12C). Another case is
Albizia polyantha (A. Spreng.) Lewis (Legumi-
nosae), which extends from the Guianas and liha
de Marac (Lewis & Owen, 1989), to the Amazon
River valley and tributaries, and to the caatingas,
the Paraguay-Paran system and Cerro Leon (Fig.
12D). However, in a different category are species
such as Couepia uiti (Mart. & Zucc.) Benth.
(Chrysobalanaceae), which are essentially Amazo-
nian elements, which extend via gallery forests into
the cerrados and caatingas (Fig. 12B).
  A number of species have more indistinct dis-
tribution patterns that include Amazonian localities.
This sort of distribution is shown by a few caatinga
species, although in each case they show fairly
wide tolerance and also occur in more humid hab-



itats. One such is Coutarea hexandra (Jacq.) K.
Schum. (Rubiaceae), which also occurs along the
Amazon River (Fig. 13A), and Crateva tapia L.
(Capparaceae), which lias been collected in the
Amazon basin and also along the ephemeral wa-
tercourses in the caatingas (Fig. 13B). Hymenaea
courbaril L. var. courbaril (Fig. 13C) and the
outstanding caatinga tree Tabebuia impetiginosa
(Mart. ex DC.) Standley (Fig. 13)) have similar
distributions. Some such taxa are primarily re-
stricted to seasonal habitats, such as Myroxylon
balsamum (L.) Harms (Leguminosae) and Poep-
pigia procera C. Presl. (Leguminosae), although
these species also appear in the Amazon (Fig. 14A,
B), or as in the case of Phyllostylon brasiliense
Capanema (Ulmaceae), in the Brazilian Atlantic
rainforest (see distribution of the genus in Fig.
14C).
  This distributional pattern is also followed (Fig.
141)) by another two-species complex: Cordia al-
liodora (Ruiz & Pav.) Oken-C. trichotoma (Vell.)
Arrb. ex Steud. (Boraginaceae). Gibbs & Taroda
(1983) studied this complex and concluded that
both taxa should remain separate because of the
different kinds of heterostylous conditions shown
by plants of each species, together with differences
in flower size, pollen grain size, and myrmecophily.
However, these taxa have had a confusing history
and have been treated as conspecific by some au-
thors, while others have attempted to differentiate
between them based on morphological characters
such as leaf indumentumi. This complex seems to
show a high degree of ecological tolerance, with
C. alliodora in particular showing fast-growing pi-
 
 
oneer-type qualities, which may account for some
aspects of its distribution. It extends from the semi-
arid Caribbean coast of Colombia and Venezuela,
and the dry inter-Andean valleys of these countries,
but also occurs in the more humid Orinoco River
valley and even in the Amazon. From western
coastal Ecuador and Peru, the distribution follows
the more characteristic dry valley systems to reach
the Yungas area in Bolivia. The specimens col-
lected in northwestern Argentina in the sub-Andean
Piedmont forests have been traditionally attributed
to C. trichotoma, but from Gibbs & Taroda's (1983,
fig. 1) point of view they must be regarded as C.
alliodora, based both on morphology and geo-
graphical range. The specimens in the eastern half
of the complex distribution are nearly ail considered
C. trichotoma, which thus extends from the caa-
tingas, where this species can appear not only in
the "serto" but also in the wetter hills ("brejos"),
to mesophilous forests on the Brazilian planalto
(Minas Gerais, Sao Paulo, Paran, and Santa Ca-



tarina), eastern Paraguay and northeastern Argen-
tina.
  Some species, such as Platypodium elegans
Vogel (Leguminosae), that are more typical of the
central Brazilian cerrado vegetation seem to par-
tially shadow this distributional pattern (Fig. 15A).
This species is a canopy tree in seasonal forest in
Panama (Porter, 1973), and it is also present in
Venezuela, but it then disappears in the whole of
north and central South America to reappear in
the caatingas, the cerrado in Gois, Mato Grosso,
Minas Gerais, and So Paulo, and further extends
into eastern Paraguay and eastern Bolivia. Like-
wise, the anacardiaceous tree Astronium fraxini-
folium Schott (Fig. 15B) is found in northern Co-
lombia and Venezuela, and although it is absent
from the caatingas sens. str., it has been recorded
in semideciduous communities on higher ground
within the general caatinga area. In central Brazil,
it has been considered one of the indicator species
of mesotrophic cerradao by Ratter et al. (1977),
and it also extends to eastern Paraguay and central
Bolivia. There is a surprising collection of this spe-
cies in the Caniadn Platanillos, in central Para-
guayan chaco, which must undoubtedly be linked
to one of the watercourses that cross this region
in a general west-east direction.
  Finally, it should be emphasized that the distri-
butions of the only three woody species (Parkin-
sonia aculeata L., Sideroxylon obtusifolium
(Roem. & Schult.) Pennington, and Ximenia amer-
icana L.) that are conmmon to the chaco and caa-
tingas are meaningless in this context, since ail
three species have widespread distributions and
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occur in diverse vegetation types. Parkinsonia
aculeata (Leguminosae) is a very widespread ru-
deral plant whose ecological amplitude includes the
Pacific coastal desert of Peru and the arid Monte
province of Argentina (Fig. 15C). Sideroxylon ob-
tusifolium (Sapotaceae) shows some fidelity to the
seasonal formations, but together with the other
two species it also occurs in temperate areas of
South America (Fig. 151)). These species are also
exceptional in that in addition to the chaco, they
spread into areas such as Monte, or even Patagonia
in the case of Ximenia americana (Olacaceae) (see
map in Sleumer, 1984).
 
 
CONCILSIONS
 
  The 80 or so taxa mapped in this analysis are
all woody components of a series of dry seasonal
woodland formations that occur in South America.
This is a vegetation that seems to be mainly re-
stricted to relatively rineral-rich soils. The pres-
ent-day distributions of these species are considered
to comprise fragmentary remnants of the once
extensive forests that probably characterized the
dry climatic maxima of the Pleistocene, and which
are likely at that time to have extended into the
Amazonian region, and also to have percolated into
the Andean region, perhaps via the "Maranion gap,"
and established further links with the Caribbean-
Guajira province, through northwestern Peru and
eastern Ecuador.
  The extant fragments of this seasonal woodland
vegetation have their main nuclei in the Caatingas,
Misiones, and Piedmont areas. Effectively, the
woody and succulent flora of the caatingas com-
prises ca. 437 species, of which 228 species are
certainly nonendemics (Prado, 1991). Of these,
some 62 species (27%) show floristic affinities to
the Pleistocenic Arc type distribution, whilst no
other coherent distribution patterns were evident
for the remaining nonendemic species. Equally no-
table, some 51 species (19.4%) of the ca. 263



woody and succulent species found in the piedmont
forests of northwestern Argentina and southern
Bolivia are also found in the caatingas, while a
further 42 (16%) piedmont species show links with
the Misiones nucleus and calcareous woodlands
peripheral to the Brazilian cerrados (Prado, 1991).
  Characteristically, these species distributions
present a lacuna in the area of the chaco, and only
sparse representation in the cerrado, with most
seemingly cerrado representatives of this group
actually restricted to calcareous outcrops. Indeed,
the essentially distinct nature of typical Brazilian
cerrado vegetation fromn other seasonal, semide-
ciduous woodlands is striking, in sharp contrast to
 
 
the clear floristic links between such seasonal wood-
land and the rather distinctive vegetation of the
calcareous islands within the cerrado general area,
as first emphasized by Ratter et al. (1978).
  The caatinga-type seasonal woodlands also show
intriguing links with some areas in the Amazonian,
as well as the Caribbean and Venezuelan-Central
American, regions, and with some species having
isolated populations surviving in dry valleys of the
east slopes of the Andes. It is unfortunate that,
probably because of their occurrence on agricul-
turally desirable, good-quality soils, these seasonal
forests in South America have suffered considerable
devastation in the past, and continue to bear the
brunt of agricultural expansion in the region. This
applies particularly in the case of the piedmont
woodlands of northwestern Argentina, and to the
isolated areas of "mata calcrea" on base-rich out-
crops scattered within the Brazilian cerrado area.
A coherent conservation policy for selected areas
of these seasonal forests areas is urgently needed.
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